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摘要 
宽带和频振动光谱是（Broadband Sum Frequency Generation Spectroscopy，
BB-SFG）是一种二阶非线性光谱技术。BB-SFG 具有独特的表面选择性和极高
的灵敏度，适用于任何光能到达的界面，包括被液层埋藏的界面，是一种界面分
析的理想工具。使用 SFG 光谱不仅可以得到界面的振动光谱、分子的取向、吸
附位点等信息，还可以研究表界面上的超快动力学和反应机理。 
醇类化合物是工业生产烯烃、酯类、醚类、醛类和烷基胺中一类重要的中间
体，同时醇还是新配方汽油的重要组成部分。日常生活中我们也会大量使用水、
甲醇和它们的溶液。它们被广泛的应用在医疗、食品、运输、化工等方面。甲醇
是最重要的醇类分子之一，它的氧化反应在能源领域具有广阔的应用前景。水也
是甲醇氧化的主要产物。研究水和甲醇混合物在固体表面的取向，对甲醇的转化
和氧化具有重要的意义。从分子层面上研究甲醇的行为显得至关重要。本论文以
甲醇和水的混合溶液在金膜表面的吸附为模型体系，研究甲醇和水的组成对甲醇
取向等行为的影响。 
本论文的主要工作内容和结果如下： 
1、BB-SFG 流通样品池的研制：熔融石英片为前窗片，基板为硼硅玻璃，
并镀有 100 nm 金膜。基底信号较强的金作为基底，通过金基底与分子信号的耦
合，可以判断分子在表面的取向。使用聚二甲基硅氧烷（PDMS）将熔融石英片
和硼硅玻璃键合在一起设计成可用于流通液体样品的流通样品池。经测试，发现
流通池的液层很薄，约 10 μm 时，可以看到固/液界面的分子信号。 
2、用 BB-SFG 光谱研究了甲醇分子在金与甲醇/水溶液界面上的取向。观测
到了甲醇的甲基碳氢对称伸缩振动的 BB-SFG 谱峰，主要发现：（1）低体积分数
时，共振 BB-SFG 谱峰为负峰，谱峰强度随甲醇体积分数增大而增强，当体积分
数达 20%左右，谱峰强度达到最大值；之后谱峰强度开始随体积分数减弱，体积
分数达 50%左右谱峰强度最弱；随着体积分数继续增大，共振 BB-SFG 谱峰变成
正峰，并随甲醇体积分数增大而增强；（2）金基底与甲醇共振 BB-SFG 信号之间
的相对相位在 50%附近发生改变；（3）共振 BB-SFG 谱峰，在低体积分数时随甲
醇体积分数增大而蓝移，在高体积分数时随甲醇体积分数增加而红移。 
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3、BB-SFG 光谱的上述变化与甲醇分子在金表面的数目、取向和排列方式
有关。通过时间分辨光谱测量，确认了谱峰的线型，通过光谱拟合总结了谱峰强
度、峰位、相对相位随体积分数的变化规律。结合前人的工作，发现体积分数在
2.5%~40%时，甲醇通过羟基吸附于金表面，体积分数超过 50%时甲醇通过甲基
吸附于金表面。这种变化规律是由甲醇-水、甲醇-甲醇分子间以及与金表面间的
相互作用随表面甲醇分子数目变化造成的。 
关键词：宽带和频振动光谱；流通池；甲醇-水溶液；分子取向。 
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Abstract 
Broadband Sum Frequency Generation Spectroscopy（BB-SFG） is a second 
order nonlinear spectroscopy technique. With its surface-selectivity and high 
sensitivity, BB-SFG can reach a variety of surfaces, even for those buried surfaces. It 
is an ideal tool to study interfaces. BB-SFG is not only capable of investigating 
vibrational spectroscopy, molecular orientation, adsorption sites of surface/interface 
molecules, but also the ultrafast dynamics and mechanisms of surface processes.  
Alcohol is of particular interest due to industry’s use of oxide catalysts in the 
production of alkenes, esters, ethers, aldehydes, alkylamines, and blending 
compounds for reformulated gasoline. Water, methanol and especially their solutions 
find abundant use in everyday life. They are used in medical, food industry, 
transportation, chemical industry etc. Methanol is one of the most important alcohols. 
It can be widely used as fuels. Water is also one product of methanol oxidation. It is 
meaningful to invesitigate the orientation of water and methanol on the solid 
interfaces. I chose methanol as object of study. 
Major contents and findings are as follows: 
1、To perform BB-SFG spectroscopy with a flow-cell:the front window is made 
of quarts, the substrate is made of borosilicate glass with 100 nm gold deposition. One 
can judge the orientation of molecular through the coupling of the gold substrate and 
the molecular. With the direct bonding, a flow-cell has been designed and built for 
BB-SFG spectroscopy of liquid/solid interfaces.When the depth of the flow-cell is 10 
μm, we can see very obvious signal. 
2、Methanol molecular orientation of methanol/water solution on gold had been 
investigated through BB-SFG spectroscopy. Concentration dependent band intensity, 
peak position, and relative phase of BB-SFG bands had been observed. At low 
methanol concentration 2.5%~40%, the resonant SFG band of the symmetric 
stretching mode of methyl group of methanol undergoes blue shift. And the band 
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intensity increases with methanol concentration below 20%, then drops to minimum 
around 50%. At high concentration 50%~100%, the methanol SFG band is 
red-shifting with concentration, and the band intensity increases with concentration.  
3、These spectral property changes are caused by the molecular orientation, 
ordering, and number density on the liquid/gold interface at different concentrations. 
The methanol molecules are adsorbed on gold surface through –OH group at low 
concentrations, and adsorbed through –CH3 group at high concentrations. Interactions 
between molecules and with the gold surface all contributed to the orientation change. 
Keywords：Broadband sum frequency generation; flow-cell; 
Methanol-water solution; molecular orientation.
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